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In this thesis we employ first-principle methods and Boltzmann transport theory to in-
vestigate the TE properties of some PbTe-based materials, new TE performance optimiza-
tion methods such as strain engineering and structural designs are also presented.
In Chapter 1, we presented a brief introduction on the research background of ther-
moelectric and thermal transport properties of PbTe-based materials and graphene-based
nanocomposites.
In Chapter 2, we briefly introduced the basic theories and computational methods, which
include the method to obtain TE parameters from Boltzmann theory under the rigid band
approximation and constant relaxation time approximation, the basic knowledge on density
functional theory, and those on the molecular dynamics simulations.
In Chapter 3, we present a comprehensive picture of structural, dynamical, electronic,
and transport properties of PbTe at ambient and high pressures. The obtained thermoelectric
properties present versatile variation rules with respect to temperature, carrier concentration
and pressure. These findings are expected to be useful in searching an optimal combination
of doping level, working temperature, and pressure in order to achieve higher ZT in PbTe-
based materials.
In Chapter 4, we present an ab initio study of transport properties of XTe (X=Pb,Sn,Ge)
crystals within B1 structure under zero and high pressure and analyze the pressure induced
thermoelectric performance enhancement. The obtained results suggest possible enhance-
ment of thermoelectric properties for SnTe under mid-pressure and PbTe under high pressure
circumstance.
In Chapter 5, we investigated the thermal conductivity of pillared-graphene systems
through molecular dynamics (MD) simulations. Reverse nonequilibrium molecular dynam-
ics (RNEMD) simulations were carried out to analyze the thermal transport behavior. Ther-
mal resistance on the graphene-CNT junctions is found to be much higher than those in other
regions. Through structural design, we can obtain various architectures with anisotropic heat
transfer efficiency.
In Chapter 6, we designed a graphene-PbTe hybrid architecture and investigated the
associated TE performance. The Seebeck coefficient tensor has a maximum along the
graphene-PbTe overlayed direction, which should be ascribed to the nanojunctions existed
in this direction. The tensor of power factor with respect to relaxation time has higher com-
ponents in the in-plane directions than the out-of-plane directions, due to the extra high
electron mobility within graphene plane. However, due to the phonon density mismatch and
possible strong scattering exist on the graphene-PbTe interfaces, the final value of ZT need














In the appendix, we briefly presented the investigation of the mechanical properties
of Pillared-graphene which had been carried out by the author. Tensile deformations are
loaded along graphene plane and along tube axis. The calculated strength, fracture strain
and Young’s moduli are lower than the pristine graphene or carbon nanotubes. The stress-
strain relations are especially interesting because they are nearly linear, which could open
a new avenue for versatile nanomechanics applications where linear responses are required,
such as position sensing.
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